M stars are ideal targets to search for Earth-like planets. However, they usually have high levels of magnetic activity, which could affect their habitability and make difficult the detection of exoplanets orbiting around them. Unfortunately, long-term variability of dM stars has not been extensively studied, due to their low intrinsic brightness. For this reason, in 1999 we started the HKα project, which systematically observes the spectra of a large number of stars, in particular dM stars, at the Complejo Astronómico El Leoncito (CASLEO). In this work, we study the long-term activity of the young active In both totally independent time series, we detect a possible activity cycle of period ∼ 5 years. We also derived a precise rotation period for this star P rot = 4.85 days, consistent with the literature. This activity cycle reflects that an αΩ dynamo could be operating in this star.
plification of stellar magnetic fields. The dynamo is thought to be driven by differential rotation (Ω-effect) and turbulent convection (α-effect) in the stellar interior (Parker 1955 (Parker , 1963 Steenbeck & Krause 1969) . Several authors suggest that the tachocline -a narrow layer between the radiative core, which rotates rigidly, and the convection zone -is substantial in the solar dynamo to strengthen the magnetic field and to avoid magnetic field dissipation (e.g. Spiegel & Zahn 1992) .
In particular, it is believed that an αΩ-dynamo could be operating in the Sun and other late-F to mid-M stars (Durney & Robinson 1982) and this model could successfully reproduce the global magnetic activity in solar-type stars (e.g. Sraibman et al. 2017) . On the other hand, M dwarf stars with masses lower than 0.35M ⊙ (i.e. later than spectral type M4) are believed to be fully convective (Chabrier & Baraffe 1997) . Therefore, their dynamo mechanism is expected to be different from a solar-type dynamo, as they do not have a tachocline (Chabrier & Küker 2006; Browning 2008; Reiners & Basri 2010) . However, Wright & Drake (2016) studied the X-ray activity-rotation relationship, which is a well-established proxy for the behaviour of the magnetic dynamo, for a set of purely convective low-rotators stars. They observed that the X-ray emission from these stars correlates with their rotation periods in the same way as in Sun-like stars. One of the conclusions of that work is that the tachocline might not be a critical ingredient in the solar dynamo. Nevertheless, from spectroscopic and spectropolarimetric observations, several authors infer that the magnetic topologies could change at the full convection boundary (Donati et al. 2008; Morin et al. 2008; Reiners et al. 2009 ). Therefore, M stars are also interesting targets for the dynamo theory, as they bring the opportunity to explore if a solar-type dynamo could still operate beyond the convective threshold and also explore the magnetic topologies resulting from dynamo models.
Although M dwarfs have been widely studied for their flare activity during decades, their long-term activity is rather unexplored. For this reason, in 1999 we started the HKα Project at the Complejo Astronómico El Leoncito (CASLEO), mainly dedicated to study the long-term chromospheric activity in bright partially and fully convective M stars. One of the main objectives of this project is to explore the stellar dynamo beyond the convective limit. From our data, we detected evidences of cyclic chromospheric activity in the early-M stars GJ 229 A and GJ 752 A (Buccino et al. 2011) , in three partially convective stars near the convective threshold; the binary system GJ 375 (Díaz et al. 2007) and GJ 388-AD Leo (Buccino et al. 2014 ) and the fully-convective active star Proxima Centauri (Cincunegui et al. 2007a ). The exoplanetary survey High Accuracy Radial veloc-ity Planet Searcher (HARPS) expanded the detection of activity cycles in low-mass stars (e.g. Gomes da Silva et al. 2012; Díaz et al. 2016) in the southern neighborhood. By using spectroscopic and photometric observations, other programs also contributed to the detection of magnetic cycles in dM stars (Robertson et al. 2013; Suárez Mascareño et al. 2016; Wargelin et al. 2017) . Furthermore, theoretical and numerical studies also reproduce magnetic cycles in M stars (eg. Kitchatinov et al. 2014; Yadav et al. 2016; Küker et al. 2018 ).
However, the statistics is still low in comparison to solar-type stars (Baliunas et al. 1995; Hall et al. 2007; Lovis et al. 2011; Egeland et al. 2017; Flores et al. 2017) . Therefore, the detection of new accurate activity cycles for low-mass stars could bring valuable observational evidence to explore the dynamo theory in this spectral class.
One of the targets extensively observed during the HKα Project is the M1Ve star AU Microscopii (GJ 803). AU Mic is a member of the β Pictoris association, as inferred from space and Galactic velocity components, Lithium abundance and rotation period (Messina et al. 2017) . The association has a quoted age of 25±3 Myr, which was recently derived by Messina et al. (2016) with the lithium depletion boundary (LDB) method, and found to be in agreement with respect to the estimates from earlier works (e.g. Mamajek & Bell 2014; Bell et al. 2015) . It is a fast-rotator star with a ∼ 4.847 day-period (Hebb et al. 2007) and high-energy flares (Cully et al. 1993 ). AU Mic is surrounded by an edge-on circumstellar debris disk that extends from 50 AU to 210 AU (Kalas et al. 2004; Liu 2004; Krist et al. 2005 ).
Since 2004, we have been continuously observing this star as part of the ongoing HKα project. This data-set allows us to have a unique long time-series of Mount Wilson indexes, which is the most extended activity indicator used to detect stellar activity cycles (Baliunas et al. 1995; Metcalfe et al. 2013) . The main purpose of the present work is to study for the first time the long-term chromospheric activity of AU Mic. In particular, in Section §2 we present an overview of our spectroscopic observations, which are complemented by public spectroscopic data obtained form the European Southern Observatory (ESO) as well as from public photometry. We also obtained our own photometry with the Magnetic Activity and Transiting Exoplanets (MATE) telescope to acquire a precise rotation period for AU Mic. In Section §3 we describe our results, and finally we outline our discussion in Section §4. 
OBSERVATIONS
The HKα Project is mainly dedicated to systematically obtain mid-resolution echelle spectra (R = λ/δλ ≈ 13, 000) of a set of 150 dF5 to dM5.5 stars. The observations are obtained with the REOSC 1 spectrograph, which is mounted on the 2.15 m Jorge Sahade telescope at the Complejo Astronómico El Leoncito Observatory (CASLEO) in the Argentinian Andes.
These echelle spectra were optimally extracted and flux calibrated using IRAF 2 routines (see Cincunegui & Mauas 2004 , for details). At present, our database contains near 6000 mid-resolution spectra covering a wavelength range between 3800 to 6900Å.
In Table 1 we show the observation logs of AU Mic from CASLEO. The first and third column shows the date (month and year) of the observation and the second column lists xJD = JD − 2450000, where JD is the Julian date at the beginning of the observation.
There is a total of 20 individual observations distributed over twelve years between 2004 and 2016. Specific details of the observations are described in Cincunegui & Mauas (2004) .
We complement our data with public high-resolution spectra (R ∼ 115.000) obtained with the HARPS spectrograph attached to the 3.6 m ESO telescope. To perform a long-term analysis with an independent database, we also employed photometric observations provided by the All Sky Automated Survey (ASAS, Pojmanski 2002).
AU Mic was extensively observed between 2000 and 2009 by the ASAS-3 program. Similarly to our previous works (Díaz et al. 2007; Buccino et al. 2011 Buccino et al. , 2014 , we choose the mean V magnitude of each observing season as an activity proxy. We retained only the best quality data, and we discarded all observations that were not qualified as either A or B in the ASAS database.
Understanding the relationship between rotation and activity is important in the study and interpretation of stellar dynamos. In order to study the rotation and flare activity in subtraction. We perform aperture photometry with the package killastro developed by our group. This package is based on the IRAF tasks ccdproc, zerocombine, flatcombine, cosmicray, xregister and phot. It performs the aperture photometry for 10 different apertures ranging from 0.7 to 4 FWHM in each images. We chose an aperture of 1.36 FWHM, which minimizes the ∆V -dispersion.
RESULTS

CASLEO S-index
The Mount Wilson S-index is defined as the ratio between the chromospheric Ca II H and K line-core emissions, integrated with a triangular profile of 1.09Å FWHM and the photospheric continuum fluxes integrated in two 20Åpassband centred at 3891 and 4001 A (Duncan et al. 1991) . We used this expression to compute the S index for the CASLEO spectrum, and we calibrated to the Mount Wilson index with Eq. (6) in Cincunegui et al. (2007b) .
To quantify the typical dispersion of our observations, we studied the long-term activity of the solar-type star G8.5V τ Ceti (HD 10700) classified as a flat star by Baliunas et al. (1995) . In Fig. 1 we plot the time series of the S index of HD 10700 derived from CASLEO spectra between 2002 and 2015. We show the mean value S with a solid line and the ±1σ S levels with dashed lines. We consider the dispersion of this series 1σ s / S ∼ 4% as an estimation of the typical error of the activity index S derived from CASLEO observations.
Long-term activity of AU Mic
All HARPS, FEROS and UVES Ca II indexes were computed following Duncan et al.'s expression. We derived the Mount Wilson S-index for the 31 HARPS spectra by using the calibration procedure explained in Lovis et al. (2011) , while for the 6 FEROS spectra we employed the Jenkins et al. (2008) calibration. To calibrate the 3 UVES indexes, we calculate the difference between indexes of simultaneous observations with respect to HARPS. In the case of CASLEO the calibration of the spectra is done with the Cincunegui & Mauas (2004) method. In addition to this, we perform the intercalibration between S indexes where the CASLEO indexes were corrected by a factor of 1.07 to re-scale Mount Wilson indexes derived from CASLEO to simultanoues measurements obtained from HARPS.
In Fig. 2 To search for stellar activity cycles, the Lomb-Scargle (LS) periodogram (Horne & Baliunas 1986 ) has been extensively employed by several studies (e.g. Baliunas et al. 1995; Metcalfe et al. 2013; Flores et al. 2017) . Although the LS periodogram is a well-known algorithm to perform a frequency analysis of unevenly-sampled data-sets, its efficiency has been extensively discussed in the literature and new modifications were proposed. One of them is the General- of a signal, reducing the computational cost, and it is less susceptible to aliasing than the LS periodogram.
In Fig.2(b) we show the GLS periodogram for the combined spectroscopy. To estimate the false alarm probabilities (FAP) of each peak of the periodogram we use 
where N is the size of the data-set, M is the number of independent frequencies and P is the power of the period detected in the GLS periodogram (Zechmeister & Kürster 2009 ).
We normalize the periodogram assuming Gaussian noise.
The two most significant peaks we obtained are P = (5950 ± 2565) days (∼ 16. We also analyzed the data with other formalisms. First, we implemented the Bayesian formalism for the Generalized Lomb-Scargle periodogram (BGLS; Mortier et al. 2015) , which has the advantage that the relative probabilities of any frequency can be easily calculated and it is useful to discern the most significant peaks in the data. In this case we found a most probable period P BGLS = 1841 days with a probability of 92 %, and a second period of 3885 days with 47% of probability.
In addition, we used the Phase Dispersion Minimization algorithm (PDM; Stellingwerf 1978) provided by IRAF, which finds the frequency that produces the smaller scatter in the phased series. In this case we obtained two periods of 1872 and 4950 days with a significance of Θ 1 =0.31 and Θ 2 =0.51 respectively. Here Θ is defined as s 2 /σ 2 where s 2 is the sample variance of data subsets, obtained by splitting the data series into several sub samples, and σ 2 is the variance of the original data series. For the correct period Θ should approach zero, and Θ ∼ 1 implies that the period obtained is false.
In Table 2 we summarize the results obtained with all methods. We see that the periods obtained by the different formalisms are consistent with each other. We remark that each BGLS and PDM methods detect the best period without informing its uncertainty. To verify these results with an independent data set, we also analyzed the ASAS photometry.
In Fig. 3(a) weighted by the error reported in the ASAS database. We computed the error of each mean V magnitude as the square root of the variance-weighted mean (see Frodesen et al. 1979 , Eq. 9.12).
In Fig. 3(b) we show the periodogram for the ASAS data set. For the binned series we obtained a peak at P ASAS = 1929±283 days with a FAP = 6%. As in the spectroscopic study,
we also studied the smoothed data set from ASAS with the BGLS and PDM formalisms. We obtained similar periods although their significances were very low due to the high dispersion of the original data series.
Suárez Mascareño et al. (2016) detected a period of 7.6-yr in a similar ASAS dataset. Thus in this work, we evaluated the original data (without binning) and the grouped data (binning the time series into different groups). We analyzed all the time-series with the GLS periodogram, but we did not find the period of 7.6 years reported by Suárez Mascareño and collaborators. In all the cases (original and smoothed data) we found a period close to the 1929 days as we reported before.
Rotation period
The rotation period of AU Mic was determined by several authors, with little discrepancies. Figure 3 . In Fig. 3(a) , the V magnitude for AU Mic given by the ASAS public database (gray circles) and the corresponding seasonal means (red triangles). In Fig. 3(b) , the GLS periodogram of the seasonal mean. Both, the most significant peak and the FAP-levels (red dashed lines) are indicated.
each night in three points, corresponding to the beginning, the middle and the end of the night. For the grouped data we obtained a period of P group = (4.85 ± 0.02) days with a FAP = 5 × 10 −21 . This periodogram, for the binned data, is plotted in Fig. 4 .
We also studied the binned data set with the BGLS and PDM formalisms, described in Section § 3.2. We obtained similar results with peaks at P = 4.849 days and P = 4.89 days, respectively.
In rotation period of 4.85 days, the most significant peak in Fig. 4 . The red solid line represents the least-square fit with a harmonic function.
We did not detect signs of flare activity during our observations. In the future, we plan to obtain observations in the V and R filters and higher cadence to explore the flare activity of AU Mic in detail.
DISCUSSION
Long-term activity has been studied for only a few dM stars, where activity cycles with periods between 1 to 8 years were detected. To increase this statistics, we studied in detail the long-term activity of the active fast-rotator dM star AU Microscopii (GJ 803-M1V).
Furthermore, since most early-M stars are inactive (Reiners et al. 2012 2016. We analyzed this data with the Generalized Lomb Scargle (GLS) periodogram and we detected two significant activity cycles of P ∼ 1811 days and P ∼ 5950 days (∼ 5 and ∼ 16.7 years). We analyzed the same series with two other techniques and we obtained similar results. See Table 2 for a summary of the results.
We also studied ASAS photometry of this star obtained between 2000 and 2009. With the GLS we detected an activity cycle of (1929 ± 283) days. Since both data-sets are completely independent, the FAP of the combined detection of the shorter cycle is 3.6×10 −5 .
A different case is the one of the longer period. Although the detection in the GLS is significant, with a F AP = 0.02%, the error of the period itself is quite large, and the detection of this period with the two other methods is less significant. This is probably due to the fact that this period is longer than the time-series. This period is not detected in the ASAS observations, which is not surprising since these observations span only 9 years.
To study whether this peak is an artifact caused by the duration of the data-set, we follow Buccino & Mauas (2009) . We used the sunspot number S N between 1900 and 2000 obtained from the National Geophysical Data Center 6 . We rescaled in time this series to the shorter period P = 1811 days. We also rescaled the S N to obtain a time series of the same mean value and we added gaussian noise to get the same standard deviation of our data. In this way we built an artificial signal representing a cycle of the same characteristics of the one observed in AU Mic.
We then "observed" the rescaled solar data selecting data-points with the same phase intervals than in the S-index time series for AU Mic, and we computed the GLS periodogram.
We repeated this "observation"1000 times with random starting dates. For each periodogram, we considered the most significant period. As expected, 97.5 % of the periods detected were between 4.2 and 5.7 years. Only in 1.7 % of the cases this period lied between 13 and 18 years with FAP<0.02. In other words, the FAP for the longer period in this data-set is only of 1.7 %. Therefore, the longer period we detected in Fig. 2(b) is likely related to stellar activity. However, as this period presents a large error, we will continue observing this star in the HKα project, to obtain a longer time-series that could confirm this detection.
In addition, we also obtained our own photometry in the V-band during several months for this star. From these observations, we obtained a rotation period of 4.85 days with a 0.4% accuracy. This result agrees with rotation periods reported in the literature, obtained from other independent data-sets (Pojmanski 2002; Hebb et al. 2007; Kiraga 2012) .
It is well known that stellar rotation plays an important role on the dynamo action in FGK stars and thus on their stellar activity (e.g. Noyes et al. 1984 , Mamajek & Hillenbrand 2008 . Recently, Astudillo-Defru et al. (2017) Given a rotation period of P rot = 4.85 days, this log(R ′ HK ) value place AU Mic in the saturation regime, as is also observed for the L X /L bol proxies (Wright et al. 2011) . It reflects the fact that the rotation plays a key role in the magnetic activity on AU Mic similar to other young FGK stars, thus its dynamo mechanism should be similar to a solar-type dynamo. Moreover, at an age of about 25 Myr, stars of M1V spectral type like AU Mic are not fully convective any more, with an external convective envelope whose mass ranges from 40% (Baraffe et al. 2015) to 54% (Feiden 2016 ) of the total mass, depending on the adopted evolutionary model. Therefore, we can expect to have in AU Mic mechanisms of magnetic fields generation similar to those that operate in the more massive solar-type stars.
Therefore the ∼ 5-year chromospheric activity cycle detected for AU Mic is consistent with an αΩ dynamo. Saar (1994) determined a magnetic field strength for AU Mic B f = 2.3 KG. Malo et al. (2014) suggest that this magnetic field strength is consistent with the one derived from an α − Ω dynamo model for AU Mic given its age approximately. Considering a Rossby Number R 0 ∼0.15 (Wright & Drake 2016) , this star seems to be near the limit of the saturation regime of the B f proxy. Therefore, we bring new evidence that there is not a tight correlation between emission and magnetic fields as observed in other active stars (Reiners et al. 2009 ).
On the one hand, the determination of the activity cycle and rotation periods of AU Mic, allows us to analyze its P cyc − P rot relation in the stellar context. For those FGK stars latter than F5 with well-determined rotation and cycle periods, Böhm-Vitense (2007) examined this relation. She concluded that the values of P cyc are distributed in two branches in the P cyc − P rot diagram, indicating that probably different kinds of dynamos are operating in each different sequence.
Expanding this sample, Saar (2011) analyzed the dependency of the cycle frequency (ω cyc ) on the rotation frequency (Ω) for a set of single active F5-M4 stars. They identified three branches on the ω cyc − Ω diagram for stars with rotations bellow 10 Ω ⊙ . We included the rotation and cyclic periods detected in the present work on the diagrams reported in Böhm-Vitense (2007) and Saar (2011) . In both cases we observe that the ∼5-year activity cycle belongs to the active branch, which means that particular our results for AU Mic are consistent with the ω cyc − Ω distribution for several stars. Following Saar's diagram, if AU Mic also has a shorter cycle, as reported in other M stars (Buccino et al. 2014) , it would belong to the inactive branch, therefore, should have a period between 1.14 and 1.57 years. In our GLS periodogram of the Mount Wilson indexes a poor significant peak (FAP=1%) at 1.36 years is present. Due to the low significance of this detection, we think that a 2-year observing campaign with weekly observations is needed to really detect this second shorter cycle of lower amplitude.
On the other hand, since AU Mic is surrounded by an edge-on circumstellar debris disk (Kalas et al. 2004; Liu 2004; Krist et al. 2005) , our results could be relevant on characterizing this star as a planetary host. Until 2015 only three debris disks were detected surrounding M stars: AU Mic, GJ 581 (Lestrade et al. 2012 ) and the M4 star Fomalhaut C (Kennedy et al. 2014) . Recently, Choquet et al. (2016) reported the detection of two disks imaged for the first time in scattered light around the M stars: TWA 7 (M3.2, 34.5 pc, 10 Myr) and TWA 25 (M0.5, 54 pc, 13 Myr). The presence of a debris disk indicates that its stellar system achieved the formation of planetary-like bodies during its previous protoplanetary disk phase. In the case of GJ 581 five planets were detected around this star (Bonfils et al. 2005; Udry et al. 2007; Mayor et al. 2009 ).
The AU Mic's youth and its proximity to Earth (∼ 9.9 pc), are favourable conditions for the detection of low mass planets. Boccaletti et al. (2015) reported five large-scale features with a fast outward motion of the AU Mic disk that can be interpreted as signposts of significant planetary formation activity. Therefore, an accurate determination of the rotation period and the activity cycles of AU Mic, reported for the first time in this present work, should be useful for planets searches on this star since signals related to stellar activity could bring false detections in different time-scales (Dumusque et al. 2011; Díaz et al. 2016) . 
